A male hybrid F, rat developed a tumor on the lateral side of the right thigh, which had been exposed to a high dose of external radiation (3,500 rads), administered as a single dose by an X-ray machine 16 months previously. The tumor grew rapidly and showed extensive local spread, but there were no metastases at autopsy. The tumor was ulcerated, dark red and hemorrhagic. It was not encapsulated and invaded the surrounding muscles extensively. Microscopically the tumor was composed of anastomozing channels lined by swollen anaplastic endothelial cells that were either heaped up and projected into the lumen or were free within the lumen. Mitotic activity was evident. There were also more solid areas as well as large cavities containing blood cells. The tumor was diagnosed as a malignant hemangioendothelioma. Seven other rats exposed at the same time to various doses of external radiation developed tumors at the site of exposure. There were four fibrosarcomas, one anaplastic, poorly differentiated connective tissue tumor, one squamous cell carcinoma, and one adnexal tumor of skin.
Spontaneously occurring malignant blood vessel neoplasms are rare in humans [2, 4, 7] as well as in animals [7] . An increased incidence of malignant blood vessel neoplasms has been reported in mice treated with substituted hydrazines [6] , dimethylnitrosamine [5] and urethan [I] , thus indicating that malignant blood vessel neoplasms can be induced by chemical carcinogens. An increased incidence of malignant hemangioendothelioma has been reported to have occurred in the livers of patients to whom 'thorotrast' (thorium dioxide) had been administered [3] .
No report of malignant blood vessel neoplasms induced by external radiation in experimental animals, or after radiation therapy in man, was found in the literature. The present report describes a malignant hemangioendothelioma in a male rat exposed to external radiation.
Eight hybrid F, (BN/Bi x WAG) rats, six males and two females aged 6 weeks to 6 months, were exposed to various doses of external radiation administered by a PhilipsMuller X-ray machine, voltage 300 kV, amperage 2 mA, using a 3-mm copper filter in an attempt to induce tumors. The rats were used in pairs; each pair was given an assigned dose. The doses given were 3,500, 3,000, 2,500 and 2,000 rads. The dose was measured continuously using a Baldwin (Ionex) dosimeter. The ionization chamber was placed in a position similar to that of the leg of the rat. The radiation was administered as a single dose to the skin of the lateral surface of the right hind leg over an area 2.5 cm in diameter. After the exposure the animals were put in separate cages and kept on an ad libirimz diet of pellets.
Results
Between 14 and 16 months after the exposure to radiation swellings were noted at the exposure sites in all the rats. The swellings gradually increased in size, and in four rats ulceration was noted. In addition to the swelling a red discoloration occurred 16 months after exposure at the same site in one of the male rats exposed to the highest dose. The discoloration first affected the exposure site and then gradually spread over the whole limb, which became tender. There was also impaired movement in the affected limb.
Gangrene was suspected, and the animal was killed 18 months after the exposure.
At autopsy all organs were examined, but the pertinent findings were confined to the right hind limb. The thigh was greatly swollen and hemorrhagic. There was ulceration of the skin over an area 0.5 cm in diameter, and underneath the skin there was a dark red hemorrhagic mass, 4.5 x 3 x 2 cm, that virtually replaced the muscles of the lateral side of the thigh and invaded the muscles on the medial side and the lower leg. The mass was not encapsulated and appeared to merge with the muscles, which were congested and hemorrhagic. There was no invasion of the bones. There was extensive hemorrhage within the mass, and there were foci of necrosis. Metastases were not present in any organs. A piece of the mass was fixed in neutral buffered 5 % formaldehyde solution. After fixation it was embedded in paraffin, sectioned, and stained with hematoxylin and eosin, van Gieson's trichrome, Gomori's silver impregnation, and periodic acid-Schiff.
The tumor was composed of freely anastomozing spaces, or channels lined by swollen anaplastic endothelial cells, which were either heaped up and projected into the lumen, or were free within the lumen ( fig. 1 ). Mitotic activity was evident throughout the tumor, and abnormal mitoses were seen. In places there were more solid areas composed of tumor cells with a few spaces and channels. In other areas the tumor was composed of large cavities containing blood cells. There were many hemorrhagic areas and some foci of necrosis. The tumor invaded and destroyed the surrounding muscle. Reticulin fibres in silver-impregnated sections surrounded the tumor cells inside the lumen of the cavities or channels, thus indicating the endothelial nature of the tumor cells. The tumor was considered to be a malignant hemangioendothelioma. In view of this, the other rats were killed and necropsied. All were found to have tumors at the site of exposure to radiation. None of the other tumors had a vascular pattern. There were four fibrosarcomas, one anaplastic poorly differentiated connective tissue tumor, one squamous cell carcinoma, and one adnexal tumor of skin. None of these tumors was accompanied by metastases, and all were smaller than the malignant hemangioendothelioma. The other male rat exposed to the highest dose (3,500 rads) had a poorly differentiated fibroblastic tumor.
Discussion
The finding of a tumor with the typical appearance of malignant hemangioendothelioma at a site exposed to a high dose of radiation suggests that the radiation caused the tumor. This is supported by the fact that all the other rats irradiated in the same way developed malignant tumors at the site of exposure. Previous studies have shown that most rats exposed in this manner develop fibrosarcomas, or occasionally squamous cell carcinomas. The development of a poorly differentiated sarcoma in the other rat given the same dose suggests that the type of tumor depends on the amount of radiation. Other influential factors may be the age of the rat at the time of administration, its sex, and the mode of administration.
